The antioxidant properties of Glechoma hederacea L. (Lamiaceae), of Serbian origin, were studied in respect to its potential use in foodstuffs. Ethanol-water (8:2, v/v) and purified ethyl acetate extracts of the plant were found to possess significant antioxidant activity. Tests were performed on two different substrates, prime steam pork lard and active-carbon-treated edible sunflower oil, using Schaal oven test storage conditions at 60 o C. The ethanol-water and purified ethyl acetate extracts of G. hederacea showed strong concentration-dependent antioxidant activity. On the contrary, under the Rancimat method conditions at 120ºC, the ethanol-water extract showed significantly stronger antioxidant activity, in comparison with the other tested extracts. All activities were compared with commercial antioxidants, such as BHA and a tocopherol mixture, respectively. For the first time, the activity of the flavonol quercetagetin was determined.
Among naturally occurring substances with potential antioxidant activity, flavonoids are of particular interest. They are also important factors in biological interactions between living organisms [1] . The large variety of flavonoids occurring in the Lamiaceae and the wide-spread distribution of Glechoma hederacea L. (synonym Nepeta glechoma Benth.) in Serbia inspired us to investigate the flavonoids in this species. From its aerial parts, heterosides, such as the flavonol quercetagetin (Qu: 3,5,6,7,3',4'-hexahydroxy-flavone) and its 7-O-glucoside have been reported [2] . Also, several flavonoid heterosides have been identified from the whole plant [3] . The composition of G. hederacea essential oil has been reported recently [4] , as has the isolation of new alkaloids [5] . Studies on the phenolic acids composition of the species have also been made [6, 7] .
Numerous biological properties of G. hederacea have been reported, including antihypertensive [8] , hypoglycemic [9] and cytotoxic [10] activities. Alcoholic extracts have been used in traditional medicine in creams against itching, and aqueous solutions of these extracts for the treatment of indigestion, as a spasmolytic tonic, mild sedative and against different urinary diseases [11, 12] .
The selection of G. hederacea was based on its easy accessibility and non-toxicity. This study was undertaken in order to investigate the antioxidant properties of this species which might lead to its application as an additive to oils and food products.
The antioxidant activity was based on the peroxideinhibiting capacity of plant extracts, following the method of Schaal [13] . Ethanol-water, crude ethyl acetate and especially the purified ethyl acetate extracts showed potent antioxidant activities. The first two extracts were not further investigated because they did not give positive tests with FeCl 3 and α,α ' -dipyridyl reagents, which produce a colored reaction with polyphenolic compounds. Separation and identification of the antioxidant components by column chromatography demonstrated that the main flavonoid components were luteolin, whose antioxidant properties have been reported before [17] , and quercetagetin [2] , the activity of which has not been previously recorded; the compound was shown to have potent antioxidant activity. The inhibitory effects of these extracts and quercetagetin on lard and oil autooxidation were compared with some commercial antioxidants, such as BHA and a tocopherol mixture (Tch).
All extracts, at a concentration of 0.02%, inhibited lipid oxidation of steam lard in the following order: Tch (14.5 days) > Qu (10.1days) > purified ethyl acetate extract (9.0 days) > BHA (8.5 days) > ethanol-water extract = crude ethyl acetate extract (3.6 days). The NPC Natural Product Communications 2010 Vol. 5 No. 1 61 -63 same concentrations of the ethanol-water extract and crude ethyl acetate extract showed significantly lower antioxidant effects than the commercial antioxidants. In contrast, the purified ethyl acetate extract showed a high antioxidant activity. Quercetagetin produced a significantly greater antioxidant effect than did BHA and all the examined extracts; quercetagenin exhibited only a slightly lower activity than that of Tch.
When 0.05% concentrations of the investigated antioxidants were tested, the following order of activity was observed: purified ethyl acetate extract (14.6 days) > Tch (14.5 days) > BHA (8.5 days) > ethanol-water extract (7.2 days) > crude ethyl acetate extract (6.7 days). The purified 0.05% ethyl acetate extract showed potent antioxidant activity, which was almost the same as that of the standard Tch, while the ethanol-water extract at the same concentration showed approximately two-fold lower antioxidant activity when compared with Tch. The purified ethyl acetate extracts exhibited strong antioxidant activities, displaying increased oxidation inhibition with concentration enhancement from 0.02% to 0.05%. Generally, the ethanol-water extract had almost the same effect as that of BHA, and the purified ethyl acetate extract was as effective as the Tch mixture.
The results obtained in the Schall oven test, with activecarbon-treated (C-treated) sunflower oil as a control, were in a good agreement with those obtained at 0.05% levels on lard: Tch (6.3 days) > purified ethyl acetate extract (6.0 days) > Qu (4.5 days) > ethanol-water extract (3.8 days) > BHA (3.0 days). The C-treated oil had an IP value of one day. The activity of BHA showed almost the same trend as it had on lard.
The Rancimat method is based on the conductometric determination of volatile secondary degradation products of oxidation and features automatic plotting of conductivity against time [14] . The relative antioxidant activity of the tested samples can be concluded based on the values of the induction times assessed by two different methods.
The IP value of the C-treated oil control which contained no antioxidants was 0.7 hours. All the investigated samples, at a concentration of 0.05%, inhibited lipid oxidation in the following order: Tch (5.20 h) > ethanol-water extract (5.05 h) > quercetagetin (4.20 h) > purified ethyl acetate extract (2.48 h) = crude ethyl acetate extract (2.32 h). The results also demonstrated that the ethanol-water extract had an activity similar to that of the tocopherol mixture, over five hours. Quercetagetin possessed a little lower activity in comparison with Tch. The other extracts had very low antioxidant effects. However, no pro-oxidant effect was noticed at the 0.05% level. Finally, the IP values of the ethyl acetate extracts showed that no secondary products were formed, since no volatile products were detected after two hours.
On the basis of these results, we suggest that an ethanolwater extract of G. hederacea might be successfully applied to lard or oil to prevent oxidative deterioration. The presented data provide important information on this new source of natural antioxidants.
Experimental
Plant material: Glechoma hederacea L. (synonym Nepeta glechoma Benth.), family Lamiaceae, is known under its traditional name of 'good-natured girl' or 'goodness' [11, 12] . The air-dried plant material was collected, at full blossom time, in May 2004, in the vicinity of Belgrade. The specimen was identified by a plant taxonomist in the Department of Botany, Faculty of Agriculture, University of Belgrade. A voucher specimen is lodged in the herbarium of this institution.
Preparation of extracts:
Air-dried aerial parts (1.2 kg) were ground and extracted in a Soxhlet apparatus with light petroleum for 24 h. After removal of the solvent, the residue was re-extracted with 5 L of ethanol-water mixture (8:2, v/v) for 48 h at room temperature. The extract was concentrated in vacuo at 50ºC yielding 180 g of dry extract. In the next step, the ethanol-water extract was re-extracted with ethyl acetate (100%) and, after removal of the solvent, the crude dry extract was obtained in a yield of 11.2% (19.4 g). The brown, oily, crude ethyl acetate extract was purified on a silica gel column, starting with 100% ethyl acetate as the initial eluent. The polarity was gradually increased by addition of methanol. With 20% methanol in the eluent mixture, the purified ethyl acetate extract was collected in a yield of 6.3% (1.2 g). All extracts were concentrated using a rotary evaporator at 40ºC.
Antioxidant activity analysis:
Tests for antioxidant activity were conducted on prime steam pork lard and active-carbon-treated sunflower edible oil, as controls with no antioxidants added. The antioxidant activity of each extract was based on its ability to prevent the formation of peroxide in lard and oil. The samples were kept at 60ºC in the dark in conditions of the Schaal oven test [13] . Extracts were tested on samples in concentrations of 0.02-0.05% and compared with either a tocopherol mixture (Tch) or butylated hydroxyanisole (BHA). For the Schaal oven test, glass tubes (100 mL, 15 cm i.d.) with a flat bottom, each containing 50.00 ± 0.01 g of either prime steam lard or C-treated oil and either 0.02 or 0.05% of one of the test samples were placed into an incubator and kept at 60 ± 1ºC in the dark. A tocopherol mixture consisting of 12% α-tocopherol, 1% β-tocopherol, 61% γ-tocopherol and 26% δ-tocopherol (Coviox-T, Germany) was used as a control. Changes in peroxide values (PV) were determined according to the Association of Official Analytical Chemists method [14] . A sample size of 5.00 ± 0.01g was used in each PV analysis every 24 h. All Rancimat tests were performed with a 617 Rancimat (Metrohm AG, CH-9100 Herisau, Switzerland). Samples were investigated at 120ºC, air flow 18-20 mL/min and sample size 2.5 g [15] .
Statistical analysis:
The Schaal oven test and the Rancimat method were run in triplicate for each analyzed sample. The obtained results were analyzed using Student's t-test and a data analysis software system [16] .
